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© Analytical system for analyzing, monitoring, diagnosing and/or controlling a process for 
manufacturing packaging glass products in which the analysis takes place directly after the 
glass-shaping process. 



® An analytical system for analyzing, monitoring, 
diagnosing and/or controlling a process for manufac- 
turing packaging glass products. The analytical sys- 
tem is provided with an infrared-sensitive sensor 
system and a digital processor connected therewith, 
which infrared-sensitive sensor system, directly after 
the glass-shaping process, detects infrared radiation 



emitted by heated products. By means of several 
infrared sensors the analytical system determines 
the energy distribution in the material of the product 
shaped, and by means of a mathematical reference 
model a statement is made on glass distribution and 
thermal stresses over and in the product shaped. 
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The invention relates to an analytical system 
for analyzing, monitoring, diagnosing and/or con- 
trolling a process for manufacturing packaging 
glass products. 

The invention also relates to an apparatus for 
manufacturing, partly by heating, packaging glass 
products provided with an analytical system in 
which a glass material to be shaped into the pack- 
aging glass product is passed along a production 
stage comprising a first section in which the glass 
material is molten, a second section, following the 
first section, in which the product is shaped from 
the glass material, and a third section, following the 
second section, in which the glass material shaped 
into a product is cooled, the infrared-sensitive sen- 
sor system detecting products at at least a point in 
the second section in which the shaped products 
are not yet cooled. 

Such analytical systems are known per se and 
are used, e.g., in production processes in which 
glass is blown or articles are enamelled, etc. 

A problem in these processes is that the waste 
of products is relatively high. This is partly caused 
by the fact that the products are inspected after 
they have passed through the critical part of the 
production process. In a glass blowing machine in 
which blown products traverse a stage through an 
annealing furnace this means that the products are 
inspected by means of a video camera when leav- 
ing the annealing furnace. 

If at this point of the production process it is 
found that the quality of the product is not sufficient 
and/or the product contains deviations, there is a 
great chance that all the other products which have 
meanwhile been shaped after the inspected prod- 
uct or products and, e.g., are still present in the 
annealing furnace will have the same or a com- 
parable problem and must be rejected accordingly. 
In other words, at the moment it is found in a 
production process that products do not meet a 
specific quality standard or show deviations large 
amounts of other products with the same problems 
have meanwhile been manufactured. When the 
production process is then readjusted, optimized, 
yet a large amount of products will have to be 
rejected. 

Deviations which may occur in the product can 
be caused by, e.g., contamination of the material 
from which the product is made. This contamina- 
tion may already be present in the base material, 
before this is shaped into a product. It is also 
possible, however, that the material is contami- 
nated during shaping of the product in the produc- 
tion process. 

The quality of the product may be connected 
with, e.g., the thickness of the material when it has 
been shaped into a product. In case of bottles one 
may think of the wall thickness of the bottle, while 



in case of enamelling one may think of, e.g., the 
thickness of the enamel layer. 

Besides, the known analytical systems have 
the drawback that the quality of a product and/or 
5 deviations in a product often cannot be measured 
accurately. 

The invention meets the above drawbacks and 
is characterized in that the analytical system is 
provided with an infrared-sensitive sensor system 

w and a digital processor connected therewith, which 
infrared-sensitive sensor system detects infrared 
radiation emitted by warm products in the section 
directly after the glass-shaping process, and which 
digital processor determines the energy distribution 

15 in the material of the shaped product and/or energy 
differences between different parts of the shaped 
product by means of information from the products 
obtained with the infrared-sensitive sensor system. 
The emitted radiation of a semitransparent ma- 

20 terial depends on the local glass thickness as well 
as on the internal (thermal) energy of the glass 
obtained during the glass-shaping process. Thus, 
e.g., a thicker part of the glass will contain and emit 
more energy than a thinner part of the glass. By 

25 detecting the emitted radiation, i.e. by detecting the 
energy distribution in the material of the shaped 
product and/or energy differences between differ- 
ent parts of the shaped product information may 
therefore be obtained about the local glass thick- 

30 ness as well as the internal (thermal) stresses of 
the glass emitting the relevant radiation. By detect- 
ing the emitted radiation the glass distribution of 
the glass and/or deviations of the glass can be 
determined by means of a mathematical model. 

35 Likewise, it is possible to determine the thermal 
energy and to compare it with a mathematical 
model. Thus, packaging glass products with an 
inadmissable thermal stress can be selected. Ther- 
mal stresses in the glass are caused during the 

40 glass-shaping process by the occurrence of unduly 
high (thermal) energy differences during the glass- 
shaping process. The above mathematical model 
has been developed by means of specific physical 
properties, such as the released (emitted) infrared 

45 radiation in combination with specific sizes and 
glass composition of the product. The invention is 
therefore based on the fundamental idea that the 
emitted radiation of the packaging glass product 
not yet cooled can be directly connected with the 

50 energy distribution in the material of the shaped 
product and/or the energy differences between dif- 
ferent parts of the shaped product. Subsequently, 
from the above thermal energy distribution and/or 
thermal energy differences the glass dstribution 

55 over the product and/or thermal stresses in the 
product can be determined. 

Because the analytical system according to the 
invention analyzes products that are still warm, 
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earlier intervention, seen in the order of time, in a 
production process is possible, if the product does 
not meet specific requirements, without the neces- 
sity of rejecting large amounts of earlier shaped 
products. Besides, it turns out that by means of the 
above energy differences and/or energy distribution 
products can be analyzed much more accurately in 
comparison with the known analytical systems. 

According to a special embodiment of the ana- 
lytical system the above energy differences and/or 
energy distribution are compared with criteria, ob- 
tained by means of a mathematical reference 
model, for determining deviations in glass distribu- 
tion and/or causes leading to thermal stresses in 
the product. A deviation in a product of glass will 
be caused by, e.g., an undesirable glass distribu- 
tion. These deviations will result in energy differ- 
ences in the warm glass detected by the analytical 
system by means of the radiation received. 

In particular, the above criteria depend on the 
associated location on or within the material of the 
product for which the energy differences and/or 
energy distribution are determined. Thus, critical 
parts of a product, such as the neck of a bottle, 
can be tested, if desired, for criteria more severe 
than those for other less critical parts of the prod- 
uct. 

According to another aspect of the invention 
the sensor system comprises at least a detector 
element with infrared-sensitive pixels arranged in 
rows or rows and columns. In particular, the digital 
processor determines differences between the en- 
ergy content of different pixels for obtaining the 
above energy differences between different parts of 
the product. 

According to a more advanced embodiment of 
the invention the digital processor comprises a 
cluster-former for localizing clusters of adjacent 
pixels comprising at least substantially the same 
energy content, which digital processor determines 
energy differences between localized clusters for 
obtaining the above energy differences between 
different parts of the product. 

According to a further special ambodiment the 
energy differences are determined with coordinates 
reproducing the associated pixels of the detector 
element. Here, according to another aspect of the 
analytical system, in use, the above coordinates 
will correspond with coordinates representing a part 
of the product. Thus, the quality of and deviations 
in products can be determined as a function of 
their location on or in the product. For this purpose, 
the detector element preferably comprises an in- 
frared-sensitive sensor. 

According to a special embodiment of the in- 
vention the digital processor determines the glass 
distribution of the product by means of the energy 
distribution over the product. By means of the 



glass distribution, e.g., the wall thicknesses of a 
shaped bottle can be determined. These wall thic- 
knesses are then employed as a measure of the 
quality of the bottle. 

5 In particular, the digital processor determines a 

three-dimensional glass distribution of the product. 
For this purpose, the sensor system may be pro- 
vided with a number of detector units detecting the 
product from different positions in space. 

w According to another aspect of the invention 

the digital processor compares the glass distribu- 
tion with criteria obtained with the mathematical 
model for obtaining the information about devi- 
ations in the product. In particular, the digital pro- 

15 cessor determines the causes leading to thermal 
stresses in the product by means of the energy 
differences and compares them with the developed 
reference model for obtaining parameters indicating 
a deviation in the product. 

20 According to a special embodiment of the in- 

vention the infrared-sensitive sensor system, in 
use, detects products having a temperature above 
100°C. More in particular, the infrared-sensitive 
sensor system, in use, detects products having a 

25 temperature above 400 6 C. 

According to another aspect of the invention, in 
use, process parameters of the production process 
are regulated on the basis of the parameters about 
deviations in and/or quality of a product or series of 

30 products. More in particular, the above control sig- 
nals are generated when the parameters obtained 
trendwise reproduce defects or a deviation of the 
desired quality. 

In an apparatus according to the invention in 

35 which glass products are produced, partly by heat- 
ing, which apparatus is provided with an analytical 
system as described above, a glass material to be 
shaped into the product is passed along a produc- 
tion stage comprising a first section in which the 

40 glass material is heated, a second section, follow- 
ing the first section, in which the product is shaped 
from the glass material, and a third section, follow- 
ing the second section, in which the glass material 
shaped into a product is cooled, the infrared-sen- 

45 sitive sensor system detecting products at a point 
in the second section directly after the glass-shap- 
ing process. 

The invention will be explained in more detail 
with reference to the figure which shows an em- 

50 bodiment of an analytical system according to the 
invention. 

In the figure reference numeral 1 denotes an 
analytical system according to the invention. Refer- 
ence numeral 2 denotes an apparatus according to 
55 the invention for producing packaging glass pro- 
ducts 4 which are subjected to a heat treatment 
during the production process, and which appara- 
tus 2 also comprises the analytical system 1. 
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Before describing the analytical system 1, 
there will first be discussed a possible production 
process of the apparatus 2 in which the analytical 
system 1 can be used successfully. 

In this example the apparatus 2 comprises a 
schematically shown production line 6 in which the 
product 4 or the products 4 traverse(s) a produc- 
tion stage in the direction of the arrow 8. In this 
example the production line 6 comprises a feed 
unit 10 which delivers heated material 12 from 
which a product 4 can be manufactured. The heat- 
ed material 12 is fed to a product-shaping unit 14, 
if required together with other materials and/or 
semimanufactures, not further specified. The prod- 
uct-shaping unit 14 manufactures, at least partly 
from the hot material 12, a product 4 which is still 
hot immediately after shaping. The manufactured 
product moves in the direction of the arrow 8 while 
gradually cooling. For this purpose, the apparatus 
may be provided with, e.g., an annealing furnace 
16, not further specified. 

In this example the production process com- 
prises a first section 18 in which the material 12 is 
heated, a second section 20 in which the material 
is shaped into a product 4, and a third section 22 
in which the product is cooled. 

The above production line 6 may produce, e.g., 
glass bottles 4. The feed unit 10 comprises known 
means for producing a portion of molten glass. The 
product-shaping unit 14 comprises molds known 
per se in which a portion of heated glass 12 is 
deposited and blowing means for blowing or press- 
ing the glass in the mold to obtain the final shape. 
The bottles thus formed are then fed to the anneal- 
ing furnace 16. In known apparatuses the bottles 
thus obtained and leaving the annealing furnace 
(cold-end inspection) are inspected for defects 
(e.g., contamination or air bubbles in the glass) by 
means of a video camera. When a deviation has 
been found, the cause thereof can be examined, 
and the production process can be adapted ac- 
cordingly to remove the deviation. It is a great 
disadvantage that all the products already pro- 
duced and, e.g., still being in the annealing furnace 
16 often comprise the same deviation and must 
therefore be rejected. Besides, it turns out that by 
no means all of the relevant deviations can be 
detected with a video camera. In order to solve 
these problems, the apparatus is provided with the 
analytical system 1 . 

According to the invention the analytical sys- 
tem 1 is provided with an infrared-sensitive sensor 
system 24 comprising at least a infrared-sensitive 
detector element 26. In this case the detector ele- 
ment 26 comprises an infrared-sensitive sensor of 
a generally known type. The pixels of the detector 
element 26 are arranged in vertical and/or vertical 
and horizontal rows. Each pixel generates a signal 



representing the energy content of the infrared 
radiation detected by that pixel. In use, this will be, 
as in the present practical example, in particular 
the radiation of a product just manufactured in a 
5 production process, at least partly from a heated 
material, and not yet cooled. 

The signals generated by the sensor system 
24 are transmitted via line 28 to a digital processor 
30 which analyzes the signals and generates pa- 
w rameters representing the results of this analysis. 
Besides, if necessary, control signals S are gen- 
erated to adapt process parameters of the produc- 
tion line 6 and/or, on the other hand, to intervene in 
the production line 6, e.g. by automatically replac- 
es ing defective component parts. 

The sensor system is preferably so positioned 
that, seen in the direction of the arrow 8, products 
located in a first part of the third section 22 or 
before the third section 22 are detected. Possible 
20 positions of the sensor system 24 are indicated by 
the arrow 31. Preferably, when detected by the 
sensor system, the products shaped will have a 
temperature above 100 6 C. 

In this example the infrared-sensitive sensor 
25 system 24 is so positioned that products are de- 
tected immediately after leaving the product-shap- 
ing unit 14 and before entering the annealing fur- 
nace 16. 

According to a possible embodiment of the 

30 digital processor 30 it comprises an interface 32 
sampling and digitalizing the signals of line 28. 
These digitalized signals are transmitted to an en- 
ergy difference measuring unit 36 directly or, if 
required, via a unit 34 to be described further. By 

35 means of the digitalized values of signals of the 
pixels representing the energy content, the energy 
difference measuring unit 36 determines energy 
differences between and belonging to these pixels. 
The energy differences thus obtained, more in par- 

40 ticular signals representing these energy differ- 
ences or magnitudes corresponding therewith, are 
transmitted to an analytical unit 38. When the pro- 
ducts contain a deviation, such as inhomogeneity 
and/or causes leading to thermal stresses in the 

45 glass, this will be expressed in a deviation of the 
energy differences to be normally expected in the 
product 4. The lastmentioned signals therefore con- 
tain information about possible deviations in a 
product. 

so The analytical unit 38 compares these signals 

with criteria values determined according to a 
mathematical model, stored in a criteria unit 40, 
and transmitted to the analytical unit 38 via line 42. 
These criteria can be adjusted to the specific pro- 

55 duction process in which the analytical system is 
used. 

When, e.g., at a specific point of a product the 
energy difference exceeds a specific value, a pa- 



4 



7 



EP 0 643 297 A1 



8 



rameter indicating that the product contains a de- 
viation at that place can be generated on line 43. 
More in particular, such a parameter is generated 
when it turns out that a number of products contain 
such an energy difference successively at the 
same place. The criteria may be different for dif- 
ferent parts of the product. For this reason the 
coordinates of pixels for which the energy dif- 
ference measuring unit 36 has determined energy 
differences are preferably also transmitted to the 
analytical unit 38. Thus, the coordinates of possible 
parts of products for which energy differences have 
been determined are also known. In other words, 
these coordinates correspond to coordinates repre- 
senting a part of the product. 

The analytical unit can find out by means of 
position-dependent criteria whether a specific part 
of a product contains a deviation. 

The analytical unit 38 transmits the result of 
the analysis conducted to line 43 in the form of 
parameters which represent causes leading to ther- 
mal stresses in the product. Moreover, these pa- 
rameters may contain an indication of the cause of 
the deviation so that a diagnosis is made. When a 
deviation has been found, the analytical unit 38 can 
transmit a control signal S to line 44, if necessary, 
with which process parameters of the production 
process of the apparatus 2 are controlled or, on the 
other hand, intervention in the production process 
takes place. The arrows shown in Fig. 1 may or 
may not be combined or extended. In particular, 
these control signals are generated only if a de- 
viation from the criteria has been found trendwise 
by the analytical unit 38. In this example the con- 
trol signals are transmitted to the product-shaping 
unit and/or the feed unit via line 44 in order to 
readjust the process parameters of these units. In 
this example one may think of the pressure at 
which the glass is blown or the temperature of the 
mold in which the glass is shaped. Besides, a 
control signal can be produced to the effect that, 
e.g., a mold must be replaced if it has been found 
by the analytical unit 38 that this mold shows a 
deviation. 

The digital processor is further provided with 
an energy distribution measuring unit 46 which, by 
means of the signals produced by the unit 32, 
calculates an energy distribution and from this a 
glass distribution of a detected product 4. Calcula- 
tion of such a glass distribution can be realized 
with means known per se. The resulting glass 
distribution, more in particular glass distribution 
signals representing the glass distribution or critical 
parts of the glass distribution of a product, is trans- 
mitted to the analytical unit 38 via line 48. In this 
case these glass distribution signals contain in- 
formation about, e.g., the thickness of the glass 
wall of a bottle, or informatiomn about, e.g., the 



thickness of a part of the glass wall of the bottle 
and therefore give an indication of the quality of the 
bottle. The analytical unit 38 compares these glass 
distribution signals with criteria stored in the criteria 

5 unit 40. When a deviation in the quality of the 
product 4 is found, more in paricular, when such a 
deviation is found trendwise, the analytical unit 38 
again generates a control signal S to readjust the 
production process, in this case the product-shap- 

w ing unit 14 or the feed unit 10, or, on the other 
hand, to control the production process by, e.g., 
replacing a mold so that the deviation in the glass 
distribution will disappear. 

Besides, in connection with an examination 

is conducted by means of the criteria, the analytical 
unit 38 generates parameters which are a measure 
of the deviation found in the glass distribution, and 
which are therefore a measure of the quality of the 
product 4. These parameters are transmitted to line 

20 43 and can be shown, if desired, on a display, not 
shown. 

By the expression trendwise, as used above, is 
meant a deviation in glass distribution and causes 
leading to thermal stresses which repeatedly occur 

25 or trendwise show a deviation in different products. 

The analytical system 1 may further be pro- 
vided with, e.g., an optical sensor 50 capable of 
detecting visible light and/or ultraviolet light. The 
optical sensor 50 detects products 4 which are still 

30 warm or have at least partly been cooled. It is also 
possible, however, that the optical sensor 50 is 
positioned in a last part of the third section 22. 
Possible positions of the optical sensor 50 are 
indicated by the arrow 52. 

35 By means of the optical sensor an image of the 

product 50 is obtained. This image is transmitted 
via line 54 to an image-analyzing unit 56 which, by 
means of known techniques, checks whether the 
product contains deviations. The parameters gen- 

40 erated by the analytical unit 38 for the same pro- 
ducts, which parameters show deviations in and/or 
the glass distribution of the products, are also 
transmitted to the image analyzing unit 56 via line 
58. When it turns out that information obtained by 

45 means of the infrared-sensitive sensor system 24 
(deviations and/or glass distribution) about the pro- 
ducts does not correspond to the information ob- 
tained by means of the optical sensor (deviations 
and/or glass distribution) of the same products, the 

50 criteria with which the data provided by the in- 
frared-sensitive sensor system have been analyzed 
can be adjusted. The adjustment of these criteria 
must be such that the information determined by 
means the two sensors 24, 50 is in agreement. The 

55 adjustment of the criteria can be carried out by the 
image analyzing unit via line 60. This involves that 
the analytical system 1 according to the invention 
passes through a learning process in which the 
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system gets to know better the production line 6 
with the production process. This enables the ana- 
lytical system 1 to adjust itself to any production 
process so that process parameters can be regu- 
lated successfully. 

According to a special embodiment of the digi- 
tal processor 30 there is further provided a unit 34 
which determines clusters of adjacent pixels with at 
least substantially the same energy content. The 
information from these clusters , i.e. the energy 
content and position, is transmitted to the unit 36. It 
is an advantage that unit 36 determines energy 
differences of regions that are much larger than 
regions of a few pixels so that the amount of 
arithmetical work can be limited. 

Finally, it is observed that the infrared-sensitive 
sensor system 24 may be provided with a second 
sensor unit 62 positioned at some distance from 
the first sensor unit, and the signals of which are 
digitalized with the interface 32 and then transmit- 
ted to the cluster-forming unit 34 (if present) or 
directly to the energy difference measuring unit 36. 
According to the invention a three-dimensional 
glass distribution of a product can be determined 
by the energy distribution measuring unit 46 by 
detecting a product 4 by the sensor system 24 
from two positions spaced from each other. 

It is emphatically observed that only a possible 
embodiment of the digital processor 30 has been 
described. It is also possible, e.g., that functions of 
the cluster-forming unit 34, energy distribution 
measuring unit 36, analytical unit 38, image-analyz- 
ing unit 56, criteria unit 42 and/or energy distribu- 
tion measuring unit 46 are realized by a single 
digital signal processor, the various functions being 
defined in the software. 

Claims 

1. An analytical system for analyzing, monitoring, 
diagnosing and/or controlling a process for 
manufacturing packaging glass products, char- 
acterized in that said analytical system is pro- 
vided with an infrared-sensitive sensor system 
and a digital processor connected therewith, 
said infrared-sensitive sensor system detecting 
infrared radiation emitted by warm products in 
the section directly after the glass-shaping pro- 
cess, and said digital processor determining 
the energy distribution in the material of the 
shaped product and/or energy differences be- 
tween different parts of the shaped product by 
means of information from the products ob- 
tained with said infrared-sensitive sensor sys- 
tem. 

2. An analytical system system according to 
claim 1, characterized in that said energy dis- 



tribution and/or energy differences are com- 
pared with criteria, obtained by means of a 
mathematical reference model, for determining 
deviations in glass distribution and/or causes 
5 leading to thermal stresses in the product. 

3. An analytical system system according to 
claim 2, characterized in that said criteria ob- 
tained by means of a mathematical reference 
w model depend on the associated location on or 

within the material of the product for which the 
energy differences and/or energy distribution 
are determined. 

15 4. An analytical system system according to any 
of the preceding claims, characterized in that 
said sensor system comprises at least a detec- 
tor element with infrared-sensitive pixels ar- 
ranged in rows or rows and columns. 

20 

5. An analytical system system according to 
claim 4, characterized in that said digital pro- 
cessor determines differences between the en- 
ergy content of different pixels for obtaining 

25 said energy differences between different parts 

of the product. 

6. An analytical system system according to 
claim 5, characterized in that said energy dif- 

30 ferences are determined with coordinates re- 

producing the associated pixels of the detector 
element and representing a part of the product. 

7. An analytical system system according to 
35 claim 1, characterized in that said digital pro- 
cessor determines the glass distribution of the 
product by means of the energy distribution 
over the product. 

40 8. An analytical system system according to 
claim 2, characterized in that said digital pro- 
cessor determines thermal stresses in the 
product by means of the energy differences 
and compares them with the criteria for obtain- 

45 ing information about a deviation in the prod- 

uct. 

9. An analytical system system according to any 
of the preceding claims, characterized in that 

so said system is further provided with an optical 

sensor system connected with the digital pro- 
cessor, by means of which, in use, an image of 
products is taken, said digital processor com- 
paring the information obtained from said im- 

55 age with the information obtained by the in- 

frared-sensitive sensor system for the same 
products, and adjusting or readjusting, by 
means of said comparison, criteria for analyz- 
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ing the glass distribution over the product or 
detecting deviations in the product. 

10. An analytical system system according to any 

of the preceding claims, characterized in that 5 
on the basis of the information obtained about 
deviations in a product or a series of products, 
in use, control signals are generated by the 
analytical system for regulating process pa- 
rameters of the production process. w 

11. An analytical system according to claim 10, 
characterized in that said control signals are 
generated when the parameters obtained tren- 
dwise reproduce defects or a deviation of the w 
desired quality. 

12. An apparatus for producing packaging glass 
products, partly by heating, provided with an 
analytical system according to any of the pre- 20 
ceding claims, in which a glass material to be 
shaped into the packaging glass product is 
passed along a production stage comprising a 

first section in which the glass material is mol- 
ten, a second section, following the first sec- 25 
tion, in which the product is shaped from the 
glass material, and a third section, following 
the second section, in which the glass material 
shaped into a product is cooled, said infrared- 
sensitive sensor system detecting products at 30 
at least a point in the second section in which 
the products shaped are not yet cooled. 
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